Psychiatric symptoms are an increasingly recognised feature of movement disorders. Recent identification of causative genes and autoantibodies has allowed detailed analysis of aetiologically homogenous subgroups, thereby enabling determination of the spectrum of psychiatric symptoms in these disorders.
Introduction
Psychiatric illness is increasingly recognised as a primary phenotypic component of many movement disorders (Lesser and Fahn, 1978) . This has led to increased reporting of such symptoms, often resulting in a broad range of psychiatric phenotypes associated with individual movement disorders. Examination of aetiologically homogenous groups provides clear definition when evaluating these symptoms as well as potentially allowing insights into the physiological mechanisms underlying psychiatric disturbance.
The exact mechanisms determining co-occurrence of psychiatric and motor symptoms remain largely unknown. The topographical organisation of sensorimotor, associative and limbic areas of the subthalamic nucleus (STN) and its' interaction with both the direct and indirect pathways of the basal ganglia, provides a potential anatomical explanation for these co-existent symptoms ( Fig. 1) (Parent and Hazrati, 1995) . Monoamine metabolism is also likely to influence these neural networks with dopaminergic therapy exacerbating Impulse Control Disorders (ICDs) in patients with idiopathic Parkinson's disease (iPD), while loss of GABAergic neurons leads to dis-inhibition of nigral dopaminergic neurons in patients with X-linked dystonia-parkinsonism (DYT3) (Goto et al., 2013) . Successful therapeutic use of Selective Serotonin Reuptake Inhibitors (SSRIs) and neuroimaging techniques also signify the importance of serotonin in mental health disorders, most markedly Major Depressive Disorder (MDD), anxiety disorders and Obsessive-Compulsive Disorder (OCD) (Fig. 2) (Mann, 1998; Lin et al., 2014) .
This review seeks to better define the psychiatric phenotype associated with aetiologically homogenous movement disorders of both adult and paediatric onset. Discussion of all movement disorders is beyond the scope of this review, instead we have sought to focus on those with an underlying genetic or immune-mediated aetiology with movement disorders as the dominant feature. An evaluation of the quality of the evidence is also included with emphasis on that from larger cohort and case-control studies.
Methods
We performed a systematic literature search of the PUBMED database using the key words "psychiatry"; "psychiatric"; "alcohol abuse/dependence"; "schizophrenia"; "psychosis"; "major depressive disorder"; "bipolar disorder"; "generalised anxiety disorder"; "agoraphobia"; "specific phobia"; "social phobia"; "obsessive compulsive disorder"; "post-traumatic stress disorder"; "anorexia nervosa" and "bulimia nervosa" in combination with each of the genetic or immune-mediated disorders. All those published in English and in peerreviewed journals until March 2017 were included. Additional inclusion criteria were 1) identification of a genetic aetiology or immunological syndrome and 2) where the movement disorder was a predominant disease feature. Publications were excluded if the genetic or immunological testing was negative; not performed or movement disorder was not described in the clinical phenotype. Studies identified were divided according to the size of the cohort and whether there was comparison to a control group (Supplementary Fig. 1 ): Case Reports (n = 1) (Supplementary Table 1 ); Small Case Series (n < 5) (Supplementary Table 2 ); Larger Case Series (n > 5 patients) (Supplementary Table 3 ) and Case-Control Studies (Supplementary Table 4 ). All evidence from larger case series (+) and case-control studies (++) are summarised in Tables 1-4. The (+) marker denotes features described in larger case series; but with no control groups and no statistical comparison of significance; (++) indicates a statistically significant elevation of psychiatric comorbidity compared to a control group. The key publications from these tables are discussed below. Population prevalence estimates for all major psychiatric disorders in adults and children are available for comparison (Supplementary Table 5 ).
Parkinsonism

Genetic parkinsonism
The clinical and genetic features of genetic parkinsonian disorders with evidence of psychiatric symptoms are summarised in Table 1 . Fig. 1 . Proposed main mechanisms and hypothesised neural pathways involved in movement and psychiatric disorders. Key: 1: Cortico-limbic pathways are thought to be involved in anxiety, depression and suicide, 2: For OCD, an imbalance between direct and indirect basal ganglia pathways is thought to contribute to OCD with direct pathway activity increased over that of the indirect pathways, 3: A role for the thalamus has been suggested in depression, 4: Altered networks between the cortex, striatum and cerebellum have been proposed for ADHD, 5: Schizophrenia: altered processing by the cortex, thalamus and basal ganglia of sensory information has been proposed as a substrate for hallucinations. A: Idiopathic Parkinson's disease, degeneration of dopaminergic neurons predominantly seen in the SNc, B: Degeneration of striatal-cortical projections and caudate atrophy observed in the early stages of Huntington's disease, C: Wilson's disease; copper deposition in the putamen and globus pallidus, D: PKAN, PLAN, BPAN and Kufor Rakeb -brain iron accumulation in the globus pallidus and substantia nigra, E: DYT3, early loss of striosomal GABAergic projections re proposed to cause disinhibition of nigral dopaminergic neurons leading to the hyperkinetic dystonic disorder followed by later involvement of the matrix resulting in parkinsonism, F: Impaired saccadic adaptation observed in DYT11 cases. In addition brain-specific isoforms of the epsilon-sarcoglycan protein are differentially expressed in the brain with the highest levels observed in the cerebellum, G: Sydenham's chorea: autoantibodies are targeted towards basal ganglia structures disrupting basal ganglia-cortical circuits, H: Antibodies targeted towards D2 receptors, predominantly in the putamen, are observed in basal ganglia encephalitis. GPi: Globus Pallidus internus, GPe: Globus Pallidus externus, PPN: Pedunculopontine nucleus, SNc: Substantia nigra pars compacta, SNr: Substantia nigra pars reticulate, STN: Subthalamic nucleus. Psychiatric symptoms are annotated in red boxes and movement disorder subtypes in green boxes.
K.J. Peall et al. Neuroscience and Biobehavioral Reviews 80 (2017) 23-35 3.1.1. Autosomal dominant genetic parkinsonism The α-synuclein (SNCA) gene was the first to be identified in Parkinson's disease (PD) (Singleton et al., 2003) . Conflicting evidence has been noted in studies of SNCA (PARK1/4) mutation positive cohorts with some observing severe depression, hallucinations and delusions, while case-control comparison found no significant difference in either the reported rate of depression (p = 0.7) or lack of motivation (p = 0.46) (Nishioka et al., 2009; Papapetropoulos et al., 2003) . Studies of Leucine-rich repeat kinase 2 (LRRK2) (PARK8) mutation positive cohorts have tended to focus on mood disorders with Goldwurm et al. (n = 19) reporting increased rates of depression (69%), anxiety (62%) and irritability (56%), and a trend towards a pre-motor mood disorder when comparing mutation positive, matched, Ashkenazi Jewish pairs (OR = 6.0, p = 0.10) (Goldwurm et al., 2006; Shanker et al., 2011) . Comparison to those with idiopathic Parkinson's disease (iPD) found increased rates of depression amongst those with LRRK2 mutations (p = 0.001), while anxiety levels remain similar (p = 0.33) (Marras et al., 2011; Belarbi et al., 2010) . However, a large PD cohort (n = 840) with proportionally few LRRK2 mutation positive cases (4.8%) identified similar rates of depression when comparing the G2019S LRRK2 mutation (p = 0.90) to the remaining population (Pankratz et al., 2008) .
Autosomal recessive genetic parkinsonism
Early case series of those with Parkin (PARK2) mutations found evidence of psychiatric symptoms in 56% of the cohort (n = 24), with symptoms including depression, psychosis and panic attacks. A quarter of cases developed these symptoms > 5 years prior to onset of their motor symptoms, while 31% developed psychiatric symptomatology at a later time point (Khan et al., 2003) . A subsequent case-control study (146 Parkin mutation positive, 250 mutation negative controls) found psychiatric symptoms in only 9 cases with Parkin mutations, with symptoms spanning psychosis, panic attacks, depression, disturbed sexual behaviour and obsessive-compulsive (OC) symptoms (Lohmann et al., 2003) . Several studies have sought to compare early-onset PD (EOPD) cases with and without Parkin mutations failing to identify distinct psychiatric markers (Lohmann et al., 2009 ). Other studies have sought to compare homozygotes, compound heterozygotes, heterozygotes and Parkin mutation negative controls using multiple diagnostic tools. Other than a tendency towards higher rates of depression in the relatives of affected heterozygous Parkin mutation carriers, these studies have found little between group differences (Kim et al., 2011; Srivastava et al., 2011; Caccappolo et al., 2011) .
Initial larger case series of those with PTEN-induced putative kinase 1 (PINK1) (PARK6) mutations reported symptoms of mood disturbance, depression, anxiety and psychosis (Valente et al., 2004; Hatano et al., 2004; Abou-Sleiman et al., 2006; Samaranch et al., 2010; Hedrich et al., 2006) . Other studies have sought to compare the psychiatric phenotype of those with homozygous mutations to compound heterozygotes with conflicting results. Some found heterozygotes to have a generally milder phenotype, predominantly involving depression and anxiety, while others have described a broader pattern including schizophrenia spectrum disorder and Obsessive-Compulsive personality disorder (Reetz et al., 2008; Ricciardi et al., 2014; Reetz et al., 2010) . Certain psychiatric symptoms may pre-date the movement disorder, with one study reporting initial symptoms of depression (75%) and schizophrenia or affective disorder (55%) (n = 20) (Steinlechner et al., 2007) .
Other forms of genetic parkinsonism
Several studies have observed an increased risk of parkinsonism in patients with Gaucher's disease (GBA mutation). Results from casecontrol studies have varied dependent upon the control group to which the cases have been compared. Alcalay and colleagues reported no significant difference in depression scores in 33 GBA mutation positive cases compared to 114 mutation-negative EOPD individuals (Alcalay et al., 2012) . However, when compared to iPD cases an excess of depressive symptoms (p = 0.05, p < 0.05 and p = 0.013), anxiety (p = 0.007), apathy and indifference (p = 0.043) has been observed (Brockmann et al., 2011; Malec-Litwinowicz et al., 2014; Swan et al., 2016) . Psychiatric symptoms in patients with Niemann Pick disease Type C (NPC) are most prevalent in those with the adult-onset form of the disorder, with up to 45% (n = 13) reporting symptoms prior to onset of the movement disorder. These symptoms are predominantly psychosis related, with paranoid delusions, behavioural disturbance, auditory and visual hallucinations. (Sevin et al., 2007) 
Heredo-degenerative disorders
A full summary of the clinical and genetic features of these disorders can be seen in Table 2 .
Huntington's disease
Psychiatric symptoms described in patients with Huntington's disease (HD) include depression, anxiety, irritability, apathy, OCD and psychosis. A large European epidemiological study (n = 1766) found psychiatric symptoms to be the presenting feature in 19.6% of patients, with 39.3% developing severe symptoms during the course of the disorder (Orth et al., 2010) . The severity and likelihood of developing psychiatric symptoms appear independent of the number of trinucleotide repeat expansions, although both cross-sectional and longitudinal studies have noted that proximity to onset of motor symptoms increased the likelihood of developing psychiatric symptoms, particularly affective forms (p < 0.01) (Vassos et al., 2008; Julien et al., 2007; Epping et al., 2016) . A single case series of individuals with juvenile HD (n = 12) found depression (n = 3), behavioural disorders (n = 3) and Obsessive-Compulsive behaviour (n = 2) to be most common (Gatto et al., 2016) .
Rates of depression have varied between studies (33-69%), although case-control comparison has found major depressive disorder (MDD) to be significantly increased in both pre-motor symptomatic (p = 0.001) and symptomatic (p < 0.001) mutation carriers (van Duijn et al., 2008) . Affective symptoms are also likely to present early in the disease course, with increased rates of depression, attempted suicide and irritability scores in those with early HD compared to controls (p < 0.05) (Sprengelmeyer et al., 2014) .
Anderson et al. found > 50% of their cohort to demonstrate at least one OCD symptom subtype with aggressive obsessions (26%) and contamination obsessions (22%) being most common (n = 1642) (Anderson et al., 2001) . Some studies have found that the likelihood of developing OCD-type symptoms increases with disease severity and is linked to a higher level of other psychiatric co-morbidity Peall et al. Neuroscience and Biobehavioral Reviews 80 (2017) 23-35 (p < 0.001) (Beglinger et al., 2007) . Others have noted that OCD-type symptoms are more evident in pre-symptomatic mutation carriers compared to controls (p = 0.003), with obsessive worrying and perceived cognitive errors being prominent (p < 0.05) (van Duijn et al., 2008; Beglinger et al., 2008) . A 9% lifetime risk of schizophrenia has been reported in HD cohorts (n = 154), with delusions more common than hallucinations (11% vs. 2%), and a trend towards an increased rate of non-affective psychosis compared to healthy controls (p = 0.06) (van Duijn et al., 2008) . Onset of psychotic symptoms also appears to be linked to onset of motor symptoms, with a younger age at onset observed in those with a higher number of CAG repeats (Tsuang et al., 2000) .
Dentatorubral-pallidoluysian atrophy (DRPLA)
Prevalence of psychiatric symptoms in those with DRPLA mutations has been reported to be as high as 10%, with larger case series describing psychosis, depression, irritability and anxiety (Adachi et al., 2001; Potter et al., 1995; Munoz et al., 1999) . There is also a suggestion that psychotic symptoms, particularly delusions, are more common in those with shorter CAG repeats (Ikeuchi et al., 1995) .
Wilson's disease
A retrospective assessment of 195 cases found 51% to have evidence of psychiatric disturbance during the course of their illness. Presentation with psychiatric symptoms appears to occur in an older age group (mean age 25.3 years), compared to those with initial neurological features, and a gender difference of increased ritualistic behaviour and emotional lability amongst females (p < 0.05) (Dening and Berrios, 1989; Taly et al., 2009; Portala et al., 2000) . Comparison with matched healthy controls found significant excesses of lifetime MDD (p = 0.001) and bipolar disorder (p = 0.001) in those with Wilson's disease, while similar rates of panic disorder (p = 0.922) and total anxiety disorder (p = 0.215) were observed between the two groups (Carta et al., 2012) .
Neurodegeneration with brain iron accumulation (NBIA)
Psychiatric assessment of a cohort of patients with PKAN (pantothenate kinase associated neurodegeneration), due to PANK2 mutations (n = 16), identified psychiatric symptoms in 50% with behavioural disturbance, OCD, hyperactivity and depression described (Pellecchia et al., 2005) . A comparison of 66 mutation-positive families with 32 mutation-negative symptomatic families found an overall excess of psychiatric symptoms in the mutation-positive group (p < 0.05) (Hayflick et al., 2003) . PLA2G6-associated neuro-degeneration (PLAN) describes three over-lapping disorders; classic infantile neuroaxonal dystrophy (INAD), atypical neuroaxonal dystrophy (atypical NAD) and PLA2G6-related dystonia-parkinsonism. Psychiatric symptoms are more frequently described in the latter two forms with a case series of atypical NAD describing autistic features, impulsivity, hyperactivity and emotional lability (Gregory et al., 2008) . A larger case series (n = 23) of the more recently described Mitochondrial Membrane Protein-Associated Neurodegeneration (MPAN), found evidence of inattention, hyperactivity, emotional lability, depression, anxiety, impulsivity and compulsions (Hogarth et al., 2013) .
Kufor-Rakeb disease
Psychiatric symptoms have almost exclusively been reported in homozygous ATP13A2 mutation carriers with Kufor-Rakeb disease. A single case series described six members of the same family where only were two noted to have psychiatric symptoms. Both reported auditory hallucinations, with one additionally being diagnosed with paranoid schizophrenia, and the other with psychosis (Eiberg et al., 2012). − no features reported to date, ≠ no psychiatric symptoms reported in large case series (n > 5) or case-control studies, nil reported to date: indicates no psychiatric symptoms reported in case reports, small case series (n < 5), large case series (n > 5) nor case-control studies. K.J. Peall et al. Neuroscience and Biobehavioral Reviews 80 (2017) 23-35 5. Genetic dystonia A summary of the clinical and genetic features of genetically determined dystonic disorders are summarised in Table 3 .
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DYT1
Systematic psychiatric assessment of motor affected DYT1 mutation carriers identified the risk of recurrent major depression to be greater in non-manifesting carriers (NMC) (RR = 4.95) and manifesting carriers (MC) (RR = 3.62) compared to controls, with depressive symptoms presenting at an earlier age and independent of motor symptom severity (Heiman et al., 2004) .
DYT3 (X-linked dystonia parkinsonism (XDP)/Lubag's disease)
Psychiatric symptoms are well recognised in XDP, with 9% of all mortality attributable to suicide. A single case-control study (n = 14 cases, 14 controls) found almost 50% of affected individuals to have symptoms of at least one symptom type, with anxiety related disorders (35.7%), social phobia (28.6%) and agoraphobia (21.4%) being most common. Major depressive symptoms were present in 14.3% with a significantly higher mean depression score in cases compared to controls (p = 0.004) .
DYT5 dopa-responsive dystonia and other neurotransmitter disorders
GCH1 mutations (Segawa's disease)
Large cohort studies have observed varying frequency of psychiatric symptoms ranging from single cases to lifetime rates of 50% (n = 34) (Trender-Gerhard et al., 2009) . Affective disorders, predominantly MDD, are the most commonly described, typically with onset in the 5th decade of life and a possible female predominance (Theuns et al., 2012; Van Hove et al., 2006; Tadic et al., 2012) . However, the single case-control study to date found no significant differences with either depression (p = 0.091) or anxiety scores (p = 0.314) (Bruggemann et al., 2014) .
Aromatic L-amino acid decarboxylase (AADC) deficiency
Two studies have examined psychiatric symptomatology in patients with AADC deficiency. The first assessed eleven patients identifying irritability and emotional lability in ten, with single cases of anxiety, panic attacks, ADHD and claustrophobia (Swoboda et al., 2003) . A more recent study found 7/8 with symptoms of irritability (Lee et al., 2009) .
Dopamine transporter (DAT) deficiency syndrome
Several larger case series have identified early evidence of irritability with 6/11 affected in the initial cohort and 3/8 in a more recent study (Ng et al., 2014) . Genetic association and linkage studies have also suggested a role for DAT in neurodevelopmental disorders, with the SLC6A3 A559V variant having been identified in individuals with ADHD, bipolar disorder and Autistic Spectrum Disorder (ASD) (Hansen et al., 2014) .
DYT6
A single case-control study compared eleven THAP1 mutation positive patients with 82 mutation negative patients with dystonia. No significant difference was identified across a range of non-motor features, with the psychiatric focus being on anxiety (p = 0.58) and sadness (p = 0.5) (da Silva-Junior et al., 2014).
DYT11 (Myoclonus Dystonia)
Psychiatric symptoms have been widely published in SGCE mutation positive cohorts with OCD, anxiety, depression and alcohol misuse being the most frequently described (Hess et al., 2007) . Comparison of several genetically screened cohorts with matched controls have consistently identified an excess of Generalise Anxiety Disorder (GAD), OCD (predominantly compulsivity) and alcohol dependence amongst those with an SGCE mutation (Peall et al., 2013; van Tricht et al., 2012; Peall et al., 2016) .
DYT12 (Rapid-onset dystonia parkinsonsim)
Longitudinal and cross-sectional studies have consistently identified symptoms of depression and social phobia. Comparison of 29 mutation positive individuals and 27 familial controls found significantly higher anxiety (p = 0.025) and depression (p = 0.025) scores, together with increased rates of psychosis (19% vs 0%) in motor affected individuals compared to controls. Mean age at onset of these symptoms was lower than is usually seen with more typical psychosis (15-24 years), with psychiatric symptom onset preceding development of the movement disorder in several cases (Brashear et al., 2012) .
DYT28
Heterozygous variants in the KMT2B gene have recently been described in individuals with a complex progressive childhood-onset dystonia. Two case series have been reported to date with the larger of the two (n = 27) describing symptoms of anxiety, ADHD, obsessivecompulsive traits and self-harm behaviour (Meyer et al., 2017) .
Genetic chorea
Mutations in two distinct genes have been identified to cause genetically determined forms of chorea: NK2 homeobox 2 gene (NKX2.1), causing Benign Hereditary Chorea (BHC), and Adenylate cyclase 5 (ADCY5) involved in ADCY5-related dyskinesias. Three larger cohort studies of patients with the NKX2.1 mutation have identified relatively low rates of psychiatric symptomatology with 7/28 meeting diagnostic criteria for ADHD in a recently French study, while others have described single cases each of psychosis and OCD (Gras et al., 2012; Peall et al., 2014; de Vries et al., 2000) . To date only a single cohort study (n = 19) has reported psychiatric symptoms in those with ADCY5 mutations. Here psychosis and auditory hallucinations were identified in two cases, one of whom had recurrent episodes of psychosis with delusions and auditory hallucinations (Chen et al., 2015) .
Immune-mediated movement disorders
The clinical characteristics of immune-mediated movement disorders with psychiatric co-morbidity are summarised in Table 4 .
Paediatric autoimmune neuropsychiatric disorders associated with streptococcus (PANDAS)
The PANDAS concept has remained controversial, reflected in diagnostic difficulties in reported studies. This has been further augmented by the recent introduction of paediatric acute neuropsychiatric syndrome (PANS), a modified diagnosis involving development of an infection associated neuropsychiatric syndrome, but not specifically post-streptococcal. Examination of a large PANDAS cohort (n = 50), identified ADHD (40%), oppositional defiant disorder (40%) and major depression (36%) as the most common forms of psychiatric symptoms. However, symptomatology may fluctuate, with emotional lability (66%), changes in personality (54%) and bedtime fears/rituals (50%) described most frequently during subsequent episodes (Swedo et al., 1998) . Other studies have identified high levels of OCD, with obsessions principally focused on the fear of harm to self or others (5/12) and compulsions predominantly hygiene related (Murphy and Pichichero, 2002) . The relationship with OCD however, may be more complex with increased rates of OC personality disorder (11%), subclinical OCD (8%) and OCD (26%) amongst 1st-degree relatives (n = 157) of those with PANDAS (Lougee et al., 2000) .
Results from case-control studies have varied with several studies observing no difference between PANDAS cases and controls (Leckman et al., 2011) . In contrast, Murphy and colleagues found that those with PANDAS were more likely to have a dramatic onset of psychiatric symptoms (p < 0.05) and clear periods of remission (p < 0.05), particularly during treatment with antibiotics (p < 0.01) (Murphy et al., 2012) . Others have found that rates of psychiatric symptoms may differ dependent on the methods of assessment, and that PANDASassociated psychiatric symptoms are likely to vary in conjunction with the symptomatic fluctuation observed with the disorder (Bernstein et al., 2010) .
Sydenham's chorea
Case-control analyses have identified increased rates of ADHD (p < 0.01) and MDD (p < 0.01) amongst those with Sydenham's chorea when compared to patients with Rheumatic fever, while comparison to matched healthy controls has found little difference in the rates of anxiety and depression (Mercadante et al., 2000; Teixeira et al., 2007) . A similar case-control comparison reinforced an increased rate of ADHD (p = 0.001), identified an excess of OCD (p = 0.003) and found only those with persistent motor symptoms had an excess of ADHD compared to controls (Maia et al., 2005) . In contrast, a more recent study identified an increased rate of depression amongst those with persistent motor symptoms (p = 0.03) but no significant difference in the rates of ADHD or OCD (Moreira et al., 2014) . Longitudinal observation of a single cohort (n = 28) provides a potential explanation, describing temporal variation in the psychiatric phenotype with depression (69%) and anxiety (78%) highest during the episodes of chorea, and ADHD most pronounced following resolution of the movement disorder (36%) (Ridel et al., 2010) . However, a recent casecontrol comparison of standard treatment versus augmented IVIG therapy also found that those receiving standard treatment demonstrated poorer co-operation (p = 0.009) and increased impulsivity (p = 0.016) (Gregorowski et al., 2016) .
Several studies have specifically focused on symptoms of OCD and Obsessive-Compulsive Symptoms (OCS). A recent case series (n = 73) found 38.4% to meet diagnostic criteria for OCD with contamination (p = 0.006) and religious (p = 0.019) obsessions, and cleaning (p = 0.003) and repeating (p = 0.012) compulsions being most common (Asbahr et al., 2005 ). An earlier case-control study found that the majority of patients (21/30) had abrupt onset of OCS symptoms within the first two months of the streptococcal infection. These patients also demonstrated a significant increase in resistance (p = 0.005) and interference (p = 0.008) at two months post-symptom onset compared to those with rheumatic fever with these effects waning over time (Asbahr et al., 1998) .
Anti-NMDA receptor encephalitis (anti-NMDAR)
Although anti-NMDAR encephalitis is a diffuse encephalitis, movement disorders and psychiatric symptoms are highly recognised features. Several studies have reported frequencies of 65-69% (n = 40-577) of psychiatric disorders at presentation with a consistent pattern of symptomatology including hallucinations (auditory and visual), psychosis and agitation (Titulaer et al., 2013; Lim et al., 2014; Irani et al., 2010; Dalmau et al., 2008) . These findings are also supported by case-control studies where rates of psychosis (p < 0.001), hallucinations (p < 0.05) and personality change (p < 0.0001) were significantly higher than cohorts of mixed infective encephalitidies and symptomatic, antibody-negative groups (Dale et al., 2009 ). Similar results are also seen in paediatric cohorts where up to 87.5% (n = 32) presented with psychiatric or behavioural changes, predominantly involving agitation, aggression and psychosis (Florance et al., 2009 ). Long-term follow-up of twenty-three antibody-positive cases found eighteen had psychiatric symptoms during subsequent relapses, while 50% of cases at 12-60 months from symptom onset in another study had ongoing behavioural or cognitive difficulties. (Kayser et al., 2013; Hacohen et al., 2013) 
Basal ganglia encephalitis
Several cohort studies have reported psychiatric symptoms, noting a wide range in overall rates of psychiatric disturbance (49%-88%), but similar levels of depression and anxiety (38% and 40%) (Dale et al., 2004; Edwards et al., 2004) . In contrast a more recent study of 12 patients with anti-DR2 basal ganglia antibodies found psychiatric symptoms in nine, with agitation (5/12) and psychosis or hallucinations (3/12) being most common. Approximately half of all cases recovered fully, while residual psychiatric symptoms were evident in the remainder (Dale et al., 2012) .
Opsoclonus-myoclonus ataxia syndrome
A retrospective study using parent-completed questionnaires (n = 105) identified rage attacks (79%), opposition defiant disorder (65%), OCS (58%) and hyperactivity (47%) as the most common symptom subtypes (Tate et al., 2005) . Behavioural disturbance has also been highlighted in a number of other cohorts (n = 51), with irritability reported during the acute phase, and rage (51%) and hyperactivity (55%) in the longer term (Klein et al., 2007; Pranzatelli et al., 2005) . Retrospective analysis (n = 101) found a potential link with disease course, behavioural disturbance being noted in 39% of those with a monophasic or intermediate illness compared to 74% of those with a chronic-relapsing form (p = 0.006) (Brunklaus et al., 2011) . These findings have also been replicated in the single case-control study to date, demonstrating significantly higher scores relating to attention difficulties, social and thought problems compared to healthy controls (Turkel et al., 2006) .
Discussion
The evidence summarised in Fig. 3 suggests that patterns of psychiatric phenotypes or clusters of symptoms are associated with particular movement disorders. The most common disorders to emerge were anxiety disorders (GAD), mood disorders (depressive disorders) and schizophrenia and other psychotic disorders (psychosis). These symptoms were common across genetic and immunological disorders, as well as neurodegenerative and neurodevelopmental aetiologies. Frequent discussion focuses on whether these symptoms, especially mood disorders, represent primary or secondary-reactive features of the movement disorder phenotype. However, the consistent pre-motor onset of depressive symptoms in those with genetically determined parkinsonism and recurrent episodes of major depressive disorder in DYT1-positive patients suggests a more complex rather than causal relationship.
Interestingly, while some of the disorders discussed in this review have evidence of a broad range of psychiatric symptoms (e.g. PANDAS: ADHD, ODD, depressive disorder, irritability, GAD, OCD), others have a much narrower spectrum of symptoms, e.g. DJ-1 (psychosis and GAD). Within individual psychiatric diagnoses, subsets of symptoms also differ between distinct movement disorder types. Case-control studies have demonstrated increased rates of OCD in both HD and Myoclonus Dystonia (DYT11). However, there was a greater tendency towards contamination-type obsessions in the former and a greater emphasis on compulsivity in the latter. Although clear pathophysiological mechanisms explaining both motor and psychiatric symptoms have yet to be fully elucidated, a comprehensive view of the distinct patterns of symptoms between disorders is important in contributing to robust mechanistic understanding.
Tourette's Syndrome, although a widely recognised movement disorder with overlapping psychiatric phenotype, is not discussed in detail in this review as no definitive genetic or immunological aetiology has been consistently identified to date. Tourette's Syndrome typically involves motor and vocal tics, together with psychiatric symptoms including ADHD, OCD, anxiety and mood disorders. Many studies have sought to determine the underlying aetiology of Tourette's Syndrome with evidence suggesting both complex genetic and immunological contributions in the pathophysiological process (Ali et al., 2013; Martino et al., 2015) . An added benefit of improved mechanistic understanding of the disorders discussed in this review is the opportunity to further explore disorders, such as Tourette's Syndrome, in which more complex aetiological processes are likely to be involved.
Overall this review has demonstrated a general paucity of casecontrolled, systematic assessments of psychiatric symptoms across many of the movement disorders discussed, with considerable inconsistency in the assessment techniques employed (Supplementary Fig. 1 ). Of the 404 publications included only 64 involved comparison of the genetically/immunologically defined cohort to a control group (15.8%), and of these only 53 involved use of standardised questionnaires. Many of the control groups included unaffected family members, who although potentially controlled for environmental factors, their symptoms may also have been influenced by additional genetic variables, while others used groups unmatched for both gender and age. Finally, the focus of the questionnaires used varied frequently between studies, with some using broad diagnostic tools while others used questionnaires targeted at assessing specific disorders. Choice of questionnaires often appeared influenced by findings from previous case reports/case series, which combined with variations in assessment may have influenced findings in some disorders.
Conclusion
This review clearly illustrates that many movement disorders are associated with psychiatric co-morbidity. Although disease mechanisms causing psychiatric symptoms are largely undetermined, the underlying movement disorder aetiology, affected neural networks and environmental factors such as those governing reactive responses to a chronic neurological disorder are all likely to play a role (Figs. 1 and 2) . As the psychiatric phenotypes of movement disorders become increasingly refined, along with mechanistic insights from cellular-and systemsbased approaches, it is hoped that future work will provide a model of pathogenesis that encompasses both motor and non-motor symptoms. Clinical recognition and awareness of the co-existence of movement disorders and psychiatric symptoms is therefore of relevance to both neurologists and psychiatrists. Early recognition of these disorders is vital to allow prompt initiation of appropriate therapy and involvement of multidisciplinary allied specialities and support services.
With the rapid advancement of technologies, the rate at which novel genetic and immunological aetiologies for movement disorders are identified is ever increasing. Recognition of the significant prevalence of psychiatric co-morbidity should drive early systematic assessment for such symptoms in patients with movement disorders. The temporal pattern of onset of both motor and psychiatric symptoms is also an important diagnostic clue, and should form a core component of all clinical assessments. Collectively, this information, as well as improving understanding of the underlying aetiology or network disruption, will also form important outcome measures for future clinical trials.
